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TABLE 2.-Vupor pressure at pyr l iehiwtr ic  Rtcitions on days when soltir 
radiation intensities ‘icere .iimstired. 

WmMngbn, D. C. (1 Madison, Wis. 11 Lincoln, Nebr. Santa Fe. N. Mex. II - 
Date. - 
ima 

Feb. 3 
7 

14 
15 
16 
19 n 
!a 
% 

- 

- 
I8.m 

Afm. 
2.62 
3.81 a 91 
0. ga 
2.16 
1.24 
2.16 
3.30 
1.32 

- 

- 

-- 
#p.m. Date. 

Afm. 1916. 
1.89 Feb.1 
1.12 2 
1.12 7 
2.49 13 
2.87 27 
1 . a  29 
1.15 
2. 49 
1.45 

- .- 

- 
I a.m 

bfm. 
0.68 
0.53 
0.36 
0.86 
1.12 
1.32 

- 

0.51 
1.07 13 0 66 
1.32 1 I4 I 1152 

29 I 1.68 

;p.m Date. 

1916. 
Feh. 1 

3 

i 

1.52 I 2162 
3.30 4 ?.lip 
2.4Y 3.15 
3.00 4.17 
3.30 1.M 
2.26 2.62 
3.15 3.15 
2.49 2.Si 
2.57 3.00 

’ 

TABLE 3.-Daily totals and Qyartures qf sokar and skg radiutiun nt Wash- 
ington, D .  C., clitring Febritory, 1916. 

[Qramealories per square centimeter of horizontal surfwe.] 

Date. 

Feb. 
1016. 

1.. .............................................. 
2.. .............................................. 
3.. .............................................. 
4.. .............................................. 
5.. .............................................. 
6.. .............................................. 
7.. .............................................. 
8.. .............................................. 
9.. .............................................. 

10.. .............................................. 
Feb.ll ................................................ 

12.. .............................................. 
13.. .............................................. 
14.. .............................................. 
15.. .............................................. 
16.. .............................................. 
17.. .............................................. 
18.. .............................................. 
19.. .............................................. 
110.. .............................................. 

D d e  departure.. .................................... 
Fob. 81.. .............................................. 

la.. .............................................. 
23.. .............................................. 
21.. .............................................. 
%. ............................................... 
%.. .............................................. 
27.. .............................................. 
%. ............................................... 
18.. .............................................. 

Decade departure.. ................................... 
Gramcalories 
Per cent.. .{ ........ ~efldency sla~e b t  of yew.. ..... 

Daily 
totals. 

Q r A .  
36 
21 

2x3 
313 
199 
2x3 

Z31 
3?7 

275 

210 
5s 
34 

405 
3S1 
3x3 
260 
210 
382 
331 

2.1 a 

. - . . - . - . - , 
431 
295 
1‘99 
12 
tis 

321 
2i3 
4 25 
265 

......... 

......... . -. . -. -. . 

_- 
Depar- 

ture 
from 

iormal. 

- 
(h.-aal. 

-167 - 1&5 
74 

100 - 17 
13 
IS 
3 

-19.1 
3s 

- 31 
-187 
-215 

152 
121 
48 

- 4  - 57 
111 
57 

........ 
156 
14 - LsG 

-2iK 
-2% 
3 - 25 

121 - IY 
........ 
........ ........ 

-- 
Lmesss or 
de5ri- 

smce 
first of 
month. 

epcy 

(Jrd?al. 
-167 
-352 
-27s 
-175 - 195 
-1s2 
-104 
- llil 
- 3 s  
-3li 

-315 
-535 
-i50 
-59s 
-474 
-4% 
-430 
-1% 
-376 
-319 

- 2  

-1W 
-149 

-211 
-734 
-7Iw 
- i33 
--RJ!I 
-;as 
-389 

1,139 
8.8 

-g35 

Table 3 shows t h t ,  at  Washingdon the totnl solar nnd 
sky radiation was hclow t h  nornid iluring the first m d  
third decades of February. Tlic dcfcicmcy for the nio1 tth 

,’ is 9.6 per cent of the svorngc February totd rr~tliation, tind 
the deficiency siiicc thc iirst of the year is S.S per cmt of 
the average aniount of radintion reccivid in hiuary ; L I ~  
February. 

At Washington, therefore, wliilc tJiorn WCR iiiorc than 
the average amount of clourliiicss during Fcl!r.unry, whm 

the sky was clear the solar radiation was of average in- 
tensity. At Madison, Lincoln, and Santa Fe it was above 
its average intensity. 

METEOR OBSERVATIONS. 

Lchoratory of tho Eastnian Kodak Co.! Rochester, N. Y.; 
as also suggestions for a less desirable but simpler form 
for the general use of those interested in the subject. 
Having no funds at  his disposal, he has urged the Kodak 
Co. to construct n few copies and put them on the mar- 
ket, so that the world may realize the importance of the 
work. 

“It is not likelv that I shall be able to contribute much 
more to this study, but I hope the Astronomical Society 
will stimulate some abler membor to devote himself to 
this important and 
physic$ study.” 

., . ’-/, .; r’r 

The report concludes as follows: 

P . . J..’ 
d AREQUIPA PYR;HELIOMETRY.’ 

(Summarized for tho REVIEW.) 

This paper is a suniiiiar of observations taken a t  the 
station of the Hnrvarcl Co H ege Observatory at Arequipa, 
Peru ( 4 ~ 1 6 ~  22’ 28.0’’ S.; X = 4 h  46” 11.738 W.; alt. 
2,451 m.) by its observers, wit.h a Smithsonian silver- 
disk pyrheliometer lent for the purpose b the Smithson- 

the Astrophysical Observator of the Sniithsonian Insti- 

Huniidity determinations were niade sonietimes by means 
of whirled wet- nnd dry-bulb thermometers, sometimes 
by t.he recording hair-hygromet.er. 

Month1 mean values are given in the author’s Table 3, 

e intensity of solar radiation at  air mass 1.2 (sun’s 
zenith distance, z ,  2 4 O ,  sec. z =  1.2). 

a. 2, the transmission coefficient, computed from nieas- 
ureiiieiits of rncliatioii intensity with sun a t  z=60° and 
z = oo. 

p ,  pressure of aqueous vapor. 
c , ciiipirical solar const.ant, coinputed by formula I 

and I1 given below. 
ti, nuniber of days on which radiation was observed. 

The iiieans inclosed by parentheses are based on very 
meager data. 

ian Institution. The observations have is een reduced a t  

tutioii under the direction o 9 its director, C!. G. Abbot. 

which is P iere reprinted, for the following elenients: 

. 

- 
1 -4bhd, C. 0. Armluip:r pyrhellometrv. Washington, 1916. 23p. 2 figs. So. 

(Smit.hsuiiian mise. COIL, v. d:, 110.9. mbi .  2367.) 
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TABLE 2.- Monthly mean valwes for Areyuipa, Peru. 

Nov. j Jan. Dec. -- 
1.547. 

3.00 
(1.97) 

....... 

....... 

1.503 
(0.813) 
6.70 
1.92 
1.95 

12 

Wb. 1 Mar. 1 Apr. 1 Yay. I June. 1 July. 1 Aug. I Bept. 1 Oet. -- 
1.520 
(0.818) 
7.23 
1.84 
1.97 

7 %  

1.518 
0. si1 
7.24 
1.93 
1.95 

15 

...................... ...................... ...................... ...................... 
:::::::I: 

I 
.............. .............. 

................ I ........ 1.481 1 . w  1.558 ................ 1 ........ o.sl7 (0.821) 0.869 ............................................... ........................ (1.93) (1.91) (1.99) ............................................... ........................ 13 25 21 

1.503 
0.870 a. Bo 

20 
1.474 

*Solar roostant, e 0. .  .................................................... 
Numher days, n ..................................................................... 

1919. 
Radiation e I I.. .......................................... -, ................. 
Transmission; a 2 ............................................................. 
Vapor pressure. p .  ............................................................ 

I . . .  
11.. *Solar constant, e D... 

Number days, n .............................................................. 
1914. 

Radiation, e ,.s.. ............................................................. 
Transmission, a s.. ........................................................... 
Vapor pressure. p.. .......................................................... 

{II.. *Solar constant, c 0 . .  

Number days, n .............................................................. 
1915. 

Radiation, e 1.1 ............................................................... 
Transmission, a I.. .................................................................. 
Vapor pressure, p -  ........................................................... 
*Solar constant. c 0 

Number days, n .............................................................. 
W hted mean, e 1.2. ........................................................ 

qalues,  o 9 . .  ............................................................. 
A11 years. p . .  ............................................................ 

Totaldr s n ................................................................. 
Aean value lor mom solar d~stmee,  c I . I . .  ......................... 

................................................... 

.................................................... I . . .  

.. ...................................................... 

..... 

1 1.469 
(0.~21 
a 95 
1.91 
1.91 

5 

1.495 
I). SlS 
7.35 
1.91 
1.92 

11 

I. 5?3 

5.19 
(1.90) 

3 

1.491 
0. s 2  
i. 42 

19 
I. 418 

....... 

(1.40~)1 (1.321) ....... (0.S45) 
(9.65) I (8.00) ............... ............... 

1 

1.463 1.470 

9.61 S.35 
1.91 1.93 
1.92 1.91 

(0.861) 0.w 

11 15 

1.412 
0.851 
6.89 
1.1 1..w 

1 6  

1.4% 
0.*% 
6.49 
1.95 
1.93 

14 

From the study of this table Mr. Abbot coiicludrs t h t .  
there is no indication that, t,lie years August,. 1!)12, to 
March, 1915, inclusive, wero other thnn normal par s  for 
Are uipa (unless as to tlie nunibcr of de:w dnys, wliich is 
not 7l iscussed) ; a particularly interesting conchsion siircc 
the Mount Katmai eruption in June, 1913, inaugurated 
great decreases in direct solar radiation received a t  t'he 
earth's surface over the Northern Ihiiisplierc., wliosc? 
effects could still be there trticed iicm the end of 1913. 
"The volcanic dust from Kntmni, tlliougli gt!nc..ral in the 
Northern Hemisphere, seems riot t80 hnoc? croaet~d tho 
equator." 

The close conuection n t  Arequipn between solnr radia- 
tion at  the earth's surface and ntmosplieric liumidit 

e .z (reduced to rneail solar distance) nad p .  Apparently 
the degree of atmos Iheric liuiiiidity at  the enrt'h s surface 

between this high-level station and the limit of the atrnos- 
phere. He says: 

It ie obvious, of course, t,hat fluctuations of atmospheric t.ransmission 
coefficienta must also produce their effect on the observed int.en&ity of 
observed solar radiation at the station. Such fluctuat.ions are of two 
kinds: (I) Those associated with changes of water vapor; c2) those 
mociated with changes of dudtinew. such as h s e  produced in the 
Northern Hemis here by the Iiatmai eruption. The iniluence on the  
solar radiation oPflu8uct,uations of the first ty e, which are a fuiict.ion of 
the humidity, may be generally (for a high-Eve1 dation like Arequipn 1 
much greater t h m  those associated with dust alone. But it might well 
be expected that for certain months of the yem the dust fluctuations 
would be by no means negligible. However, restricting our thought 
to a high-level station like Arequipa, and remembering the powerful 
true absorption produced in  the infra-red spectrum by water vapor and 
the large changes in this true absorption attending changes in  liuniidity 
when the humidity and thea i r  mass are both small, it, is easy to see 
after all why the observed r;tdiat.ion at  Jf=1.2 at  Arequipa seems to be 
BO well represented as a function of wat.er vapor alone. For both the 
true absorption and a large proportion of the varin.ble elements of t,be 
general scattering are functions of water vapor. Compared to these, 
the variable scattering produced by dry dust alone is generally small. 

The rdation between theso fnctors at  Arequipa me 
then brought out in two laws, one of wliicli (I) expresses 

brought out by a rclilarlriibly smooth curve 

is a good indes of t h e total cluniit'ity of huniidity esistiug 

1.47% 

4.29 
1.92 
1.92 

0.878 

12 

1.501 I 1.470 1.457 I 1.47s 1.425 

3.71 3.07 4.58 4.85 8.00 
1.94 1.H7 1.m 1.90 l.w 
1.93 1.N 1..S 1.92 1.d 

0 . m  0.875 0.858 0 . ~ 8  0.826 

15 17 19 18 13 

1.451 
(I). W) 
7.00 
1.94 

(1. mi 

........ 

1.469 
0 . W  
5.20 

1s 
1.503 

............................................... ............................................. I:: ..................................... ............................................... ............................................... ............................................... 
1.499 1.495 1.486 1.492 1.512 
0.8% 0.W 0.M 0.S50 0.S45 
4.05 3.48 4.30 4.77 5.15 

28 39 50 56 53 
1.517 1.543 1.521 1.511 l.!AKl 

1.529 
0.S3 
4.83 

.I.%? 
1.91 

1.544 ........ 
5.89 1.a 
1.93 

7 8  

the radiation e,, (reduced to mcnn solar distance) as 8 
function of tho vapor pr(?ssure, p ,  onlv, tlie other (11) as 
a fuiiction of vapor pressure, p ,  :md the tmmsmission oz. 

1.47s 
(0.91i) 
s.50 
(1.92) 
(1.S5) 

4 

=0.9s1 +F' 0.75 

I 

0.S1 ....... 
7.93 ....... 
1.97 ....... 

1.493 I ....... 

1.96- , I:::::::' 

I. c";l:' ( F , . ~  reduced to inenn soltir clistance) 

............... ............... ............... ............... ............... ................ 

11. Fc?11."=1.50+ (5 .25 -~ )0 .19+  (U,-0.85)0.63. (a) 
Dividing I nnd I1 by 1.93, the mean of his previous 

detmeriiiinnt,ions €or the solar constant, lie derives two 
other laws €or computing the solar constnirt to, as follows: 

1.167 
(0.W) 
9.5s 

Id 
1.434 

ecnrr. 
1.1 

0.508 + - 0.389' I. ro= 

Po-=' 

1.4i5 
0.88 
8.28 

23 
1.463 

(3) 

1.522 
0.843 
6.00 

26 
1.4% 

'I' e0=0.777 + (5.25 - p)O.Ol e= + (ua- 0.85l0.33 ' (4) 

1.538 
0.835 
&Bo 

28 
1.4RO 

The monthly nienn vtilues of e,, at Arequipa computed 
from formulse I and I1 for to, together with the monthly 
iiicans of spectrobolonietric determinntions made at 
Mount Wilson, Cd., for the years 1913 and 1914 are given 
hclow in the author's Ttthle 3. 

ArequipaI ........... 
Arequipa'II .......... 
Number6ldays ...... 

TABLE 3.-bfeiecm monthly solar constunt values. 

1913 1014 

lug.  I Sept. I Oct. I Nov. June! July. Aug. 1 Sept. Oct. I-; I ! I Month. 

or.- or.- I or.- ~ r . -  or.- or.- ar.- or.- or.- OP.- 
ml. cal. cal. cal. wl. eal. wl. cal. ed. car. 
1.87 1.89 1.90 1.66 1.S 1.96 1.95 1.96 1.94 ...... 
1.88 1.89 1.92 1.89 ...... 1.91 1.88 1.94 1.W ...... 
17 18 18 11 12 11 22 18 . 13 ...... 

Wunt Wilson ........ 1 825 1 831 1 920 1 874 1 876 1 952 1 858 1 881 1 W ...... 
Numlerofdays ...... I . 3 1 . 18 I . 26 I . 24 I . 6 I . 14 1 . 14 I . a2 I . 18 I ...... 
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-ding the months of lesser weight, indicated by 
the am number of days, it appeals that these two 
widely separated statmiom a ree in showing thiit the solar 

Finally, the 20 dags with solar-coiislunt valuts nvdl- 
able for favomble comparison hetwtwn Arequip rtnd 
Mount Wilson lisve been groupecl into high vnluos ~ i i d  

' low values, as indicated by Mount TVilson work m t l  the 
resulting mean solar constants (with thcir cliffcrencos) nre 
shown in Table 4. 

TABLE 4. 

constant WRS decidedly hig a er in 1914 thnn in 1913. 

Btation. 

l- l- 
Gr.-mZ. Or.-cal. 

This tends to confiri the previously cliscovercd short- 
ular solar variations. 

sums up his results ns follows: 
Observations with the dver-disk pyrheliometer and nearly simults 

neow meaaurements of atmospheric humidity have been made since 
August, 1912, at A q u i p a ,  Peru, at the station of the Harvard C'ollege 
Obmtory .  

From these observations have been determined values of the solar 
radiation at Arequipa corresponding to see. z=1.0. 2.2, and 2.0: values 
of presniue of aqueous vapor, and values of the diminution of radistion 
attending the pawage of the sun from the zenith distance whom secant 
M 1.0 to that Those secaut is 2.0. 

Owi to other occupations the obeervers have generallv mxle 
these %wvations when the Run wm within GOo of the zenith. On 
this account determinations of atmospheric transparency are not al~.~ays 
poseible. and are of less weight .than other data gil-en. 

The resulta are collected to give monthly nieiin values. These show 
a remarkably close connection between riidint ion and vapor pressure. 
Advantage is taken of this close correlation to determine by empirical 
fmulre values of the solar constant of radiation. These enipirical 
vduw quite BB well as could be ex erted xiith values o1,tained at  
Mount ilmn, Cal.. by complete spectrotolometric and pyrhelinmetrir 
measurements combined. The Areqnupa results confirm the wri* 
bility of the sun, both from year to year and froin day to clay. sho rn by 
investigations at Mount Wilson ani1 elsenhere. 

I t  Beems probable that from ohservations similar to those a t  Arc- 
quip, if ronducted at F; or 10 favorahle stations of high level i n  various 
parta of the world, the variations of the sun coiilil IJC tlelerniin~d almort 
or quite aa certainly a8 from two stations erluippcd for complete spec-tru- 
bolometric determinations of the solar constant. 

The Arequipa results indicate that the volcanic dust which .vas gcn- 
d i n  the atmosphere in the Northern Hemisphere for more than a year 
8ft.w the vo lca~~c  eruption of Mount Katmai, Alaska, in June, 1912, 
did not influence the transparency of the atmosphese in  Peru. . 

HORIZONTAL RAINBOWS ON LAKE XENDOTA. 

By CHANCEY JUDAY. 
[I.aboratory of the Wlsoonsin Geological and Natural Hislory Survey, Madison. Wie. 

Feb. 26,131ti.J 

Durin the past decade horizontal rainbows or color 

surface of Lake Mendota at Madison, Wis. These spec- 
tral phenomena have not appeared every year during this 
period of time, but they have been noted during at least 
5 of the ast 10 years and on inore than one date in 

24, 1915, they have been confined to the autuinn of the 
year. The have varied in extent from mere bright 
s ots, in w i? ich the spectral colors were scarcely discerni- 
bye, to brilliant bows whic.h have attracted eonsiderablo 
attention. 

spectra % ave been observed a number of times on the 

each of t f e 5 years. Wit.h one exception, namely, May 
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Such phenomena have been observed on various bodies 
of water in Europe, and the fact thnt tho appear most 

ers to designate them as " Herbstiris." A4pparentl the 
first record of such a phcnoiiienon is that cited by d orel,' 
who states that Witrtniann observed two disp1a.p of iris 
011 the surface of Lake Genera, Switzerlnnd. One was 
noted on November 2, 1S6S, and the other on February 
11, 1872. Siinilar phenomena were noted on Lake Ge- 
neva by two other observers, one on July 5, 1571., and 
the other on December 2S, 1576. Wartmann attributed 
the spectra which he saw to the existence at  the surface 
of the water of a considerable quantity of powdery ma- 
terial. These sniall particles produced a aeries of de- 
pressions in the surface film which acted like ,a prism in 
dispersin\ the rays of light. Fore1 himself expresses the 
o inion t at  these spectra were produced by thin layers 

J. C. Maxwell a described a horizontal rainbow that was 
seen at  aboiit noon on January 26, 1870, on the frozen 
surface of the ditch surrounding St. John's Colle e at 
Ciinibrid e, England. He attributed the spectraf dis- 

angle between the bright red of the bow and the sun's 
ray was 41' 50' while thnt of the blue was 40' 30'. 

Hewitt states that a horizontal rainbow WAS seen on 
I d i e  Winderinere, England, by Kay in November, 1585. 
On Noveinber 6? 1903, Hewitt observed two spec.tra, one 
of which was fainter than the other, on one of the ponds 
in Vernon Park at  Stockport, Eiiglnnd. These rainbow 
colors were visible for inoro than four hours and were pro- 
duced by droplets of water which a fog de osited upon 
a film of carbonaceous dust resting upon J e  surface of 

Hann observed a rain1,ow 04 Lake Constance on Sep- 
tember 25, 1903, during a foggy morning. In describing 
the plienoiiienon he states that "es waren die Fuss unkte 
pines Regonlmgens, der a.ber nur  in dem Nebe P dunste 
ubcr rloin 8ec seiiien Urspruiig lishen konnte." 

saw a horixontd bow on 

less clav, and the phenomenon was attributed to a film 
of foa left undisturbed on the cnlin surface of the water. 

Scgaff ewe has clescribed a horizontal rainbow which he 
saw on 2% small pond in the vicinity of Louvain, Belgium. 
He attributed it to droplets of water about a tenth of a 
millimeter in diameter which rested u on a scum com- 

rami of an arc of an ellipse. $he angular distance of the 
priniaq bow was 40O to 43'' and, rarely, a secondary bow 
ap eared at an an le of 53'. 

the surface of Lake Zurich. Accorclin to him it was 
produced b droplets of water de osite% by mist or fog 

$ps8 has also observed this phenomenon on Lake Zu- 
rich a number of times, and he has attributed it to the 
presence at  the surface of the lake of very large numbers 
of the small crustacean Dctpbmin lon.g.ispinn. These 
daphnids come to the surface in great numbers in the 

frequently in :iutuiim hns ltd the Swiss ani T Goriiian writ- 

o P oil on the surface of the wnter. 

play to 5 rops of water on the surface of the ice: The 

the p o d .  

On April 11, 1906, Church 
Loch ~ ~ ~ ~ ~ ~ ~ ~ ~ c l ,  scotian(i. It was perftl0tly stili, 

osecl of niinute nninids aiid hits. F his bow had the 

!&liroeter has 4 c escrihecl a rainbow which he saw on 

11 on an oi Q y scum thnt covered t R e surface of the lake. 
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